A Microwave Receiver for Wide-

Bandwidth Signals

The HP 71910A wide-bandwidth receiver extends modular spectrum
analyzer operation for more effective measurements on modern

communications and radar signals.

by Robert J. Armantrout

The microwave spectrum analyzer is an invaluable instru-
ment for making measurements on signals with frequencies
ranging from 100 Hz to 110 GHz with a variety of modula-
tion formats. The spectrum analyzer is primarily a tool for
the frequency domain. The measurements for which it excels
are those in which the signal parameters of interest are
accessible in this domain.

For the most part, these measurements are made in a test
environment, in which the signals usually originate from a
signal source or from the device under test and where a
physical connection is made to the spectrum analyzer with
coaxial cable. In this environment, there is usually a high
degree of knowledge about the signals present and the num-
ber of signals that must be characterized. Also, there is often
some control over the power level of the signals present.
The spectrum analyzer is normally used in swept mode. The
emphasis is on the fundamental signal parameters, not on
the information content present in the modulation.

Microwave spectrum analyzers are also used in the opera-
tional environment. In contrast to the test environment, the
signal or signals of interest in the operational environment
usually come out of the air rather than from a device under
test. This means that the spectrum analyzer is connected to
an antenna rather than to a device under test. Another con-
trast to the test environment is the number of signals present
at the input to the antenna. Depending on the frequency
coverage of the antenna or antennas used, the number of
signals present can number in the hundreds or even thou-
sands. In the operational environment the emphasis is on
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searching for signals of interest and extracting the informa-
tion content of those signals. The information can have
many forms including voice, video, or data. To extract this
information, it is necessary to tune to the signal of interest
with a bandwidth comparable to the signal’s bandwidth and
apply the correct demodulation.

Although the spectrum analyzer plays a major role in signal
searching, it has not gained acceptance outside this role
because of the limitations discussed below. Rather than the
spectrum analyzer, a microwave receiver is normally used to
perform the down-conversion and demodulation of wide-
bandwidth microwave signals.

Bandwidth Limitations. One of the most predominant trends in
modern microwave signals is the move toward wider band-
widths. This trend has been growing since the mid-1970s as
satellite communications developed and radars began em-
ploying a form of spread spectrum known as chirp.

The trend continues to be evident in all areas of satellite and
terrestrial microwave communications. Signal bandwidths of
30 MHz or more are typical. Furthermore, various forms of
spread spectrum, such as frequency hopping or direct se-
quence, whether used for multipath mitigation, noise immu-
nity, lower power density, or increased security, have led to
increased bandwidths for otherwise narrowband signals.

For such signals, the bandwidth that is adequate for spectrum
display or parametric measurements may not be sufficient to

Fig. 1. (left) HP 71910A receiver.
(right) HP 71910A Option 011

(a display module like the one at
right may be added).



preserve the information content of the signal for demodula-  The standard HP 71910A (Fig. 1, left) provides both micro-
tion. wave spectrum analyzer and microwave receiver opera-
tion. An alternate configuration, Option 011 (Fig. 1, right),
provides microwave receiver operation only. The rest

of this article will focus on the HP 71910A Option 011
configuration.

Frequency-Domain Limitations. In addition to having wider
bandwidth, many modern microwave signals employ more
complex modulation formats such as PSK (phase-shift key-
ing) and QAM (quadrature amplitude modulation). Paramet-
ric measurements made in the frequency domain are not
adequate to characterize these complex signals fully. Modern
microwave signals can also have characteristics that vary
during the sweep of a conventional microwave spectrum
analyzer, making accurate characterization difficult. Finally,
pulsed, bursted, gated, and time division multiplexed signals
all have characteristics and information that are difficult if
not impossible to extract in the frequency domain.

Receiver Hardware

A block diagram of the HP 71910A Option 011 is shown in
Fig. 2.The optional preamp module provides improved sen-
sitivity and includes an internal bypass switch. The HP
70900B LO module provides the local oscillator and
300-MHz reference signals to the HP 70910A RF module. The
HP 70900B also provides the firmware control of the mod-
ules that make up the HP 71910A. For operation as a spec-
Amplitude-only Limitations. Because the traditional spectrum trum analyzer or a receiver, the HP 71910A modules are
analyzer employs an envelope detector, it provides only sca-  slaves to the HP 70900B. The HP 70910A RF module pro-
lar information, and phase information is lost. Since much of  vides microwave preselection and frequency conversion to a
the information in modern complex signals is conveyed with ~ 321.4-MHz IF output, which provides the input to the HP
phase shifts or variations, this limitation is significant. 70911A module.

RF Module. The HP 70910A RF module was developed to

Solutions
provide wide bandwidths in the front end of the receiver.

All three of the spectrum analyzer limitations mentioned
above have been recognized and have led to the devel-
opment of new types of instruments such as modulation-
domain analyzers! and vector signal analyzers.2 Although
these instruments can aid greatly in the analysis of a com-
plex signal, they do not operate at microwave frequencies
and are not well-suited for direct connection to an antenna
as required in an operational environment. The partial block diagram of the HP 70910A RF module in
Fig. 3 shows four signal paths. The first is the low-band
path, which is used for frequencies up to 2.9 GHz. There are
two microwave paths, preselected or bypassed, which can
operate from 2.7 GHz to 26.5 GHz. Finally, there is an IF
input for use with external mixers covering from 26.5 GHz
to 110 GHz (millimeter-wave frequencies).

Aspects of the design important for microwave receiver
operation include:

Increased-bandwidth YTF (YIG-tuned filter) preselector
Preselector bypass

Mixer microcircuit for improved sensitivity
Programmable gain at 321.4-MHz IF output.

The HP 71910A wide-bandwidth receiver (Fig. 1) combines
the attributes of a microwave receiver with the strengths of a
microwave spectrum analyzer. The spectrum analyzer
strengths include wide frequency coverage, synthesized
1-Hz tuning, excellent phase noise, and amplitude accuracy.
The microwave receiver attributes include wider IF band-
widths and demodulation. The minimum bandwidth of the microwave preselector in
previous spectrum analyzer designs ranged from 25 to

30 MHz. The design goal of the HP 70910A was to improve
the minimum bandwidth of the YTF to at least 36 MHz. This
was accomplished by modifying the doping profile of the
YIG spheres used in the YTF. A YTF bypass path is included

The HP 71910A provides easy interfacing to vector signal
analyzers and modulation-domain analyzers and extends the
measurement capability of these instruments into the micro-
wave frequency range. Finally, the HP 71910A provides
standard connection to commercial communications demod-
ulator products.

Description otrte RE HE 706208
ream
The HP 71910A is an MMS (Modular Measurement System) 265 GZHgH Moduls

product which includes a new IF module, the HP 70911A, (Optional)

and a new revision of system firmware. The firmware revi-

sion permits operation of the HP 70911A with an existing

microwave spectrum analyzer, the HP 71209A Option 001, FM

and provides improved performance for signal searching HP 70910A HP 70911A -Q Optional
. S RF Module IF Module 70 MHz

(see the firmware description on page 84). The HP 70911A,

which is described on page 89, provides the functions usu- %de?and
ally associated with a microwave receiver, including IF band- 300 MHz

widths from 10 to 100 MHz and pulse detection. The HP

70911A also offers options for FM demodulation, 70-MHz IF HP 709008

output, and 70-MHz channel filters. Another feature not BOLLITIER * Narrowband

found in other microwave receivers is the I-Q output option. Video

The two most common configurations of the HP 71910A Fig. 2. A simplified block diagram of the main components of
operate over the frequency range of 100 Hz to 26.5 GHz. the HP 71910 Option 011 receiver.
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to allow unpreselected operation when appropriate. When
in bypass, the bandwidth of the microwave path is much
wider than the bandwidth of the preselector. In addition, the
group delay performance is improved when the preselector
is bypassed.

The preamp-mixer microcircuit following the preselector
improves sensitivity in two ways. First, the preamp compen-
sates for the loss of the YTF while retaining acceptable inter-
modulation performance. Second, the mixer design takes
advantage of a special diode configuration to minimize con-
version loss in the harmonic-mixing bands.

The final 321.4-MHz block is the programmable-gain ampli-
fier. The purpose of this amplifier is to maintain a constant
gain from the RF input to the 321.4-MHz IF output as a func-
tion of frequency. The gain is set based on lookup table
values determined during final test.

IF Module. The design goals for the HP 70911A IF module
included:

100-MHz bandwidth variable in 10% steps

70-dB gain in accurate 10-dB steps

Pulse detector for 10-ns pulses

70-MHz IF output

Calibration
Attenuator Video
Bandwidth and Linear Filters
Detector
Option Cardcage
Standard
Control

70-MHz
Down-Converter

Option
Control

FM

Discriminator

3214 MHz i

Down-Converter
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Fig. 3. A partial block diagram of
the HP 70910A RF module.

¢ FM demodulator.

Variable bandwidths and accurate gain are standard in spec-
trum analyzers, but typically at center frequencies of 3 MHz
or 21.4 MHz. In the HP 70911A all variable gains and
bandwidths are centered at 321.4 MHz. The higher center
frequency and the higher fractional bandwidth presented
significant design challenges.

An envelope detector for AM and pulse detection is also
standard in spectrum analyzers, but in the HP 70911A de-
sign we had to accept a 321.4-MHz input and have band-
width consistent with recovering 10-ns wide pulses.

Wide-bandwidth FM signals are common in both satellite
and terrestrial microwave communications. For this reason,
wideband FM demodulation, not found in spectrum analyz-
ers, was an important design goal in the HP 70911A.

Within the communications industry, 70 MHz is a standard IF
frequency. Most commercial communication demodulators
accept 70-MHz inputs. For this reason, a 70-MHz IF output
was considered essential for interfacing to demodulators for
formats other than wideband AM or FM.

» Wideband Video Output

Channel Fil-
ters

70-MHz
Output

FM Output
| Output

Fig. 4. The major functional blocks
Q Output that make up the HP 70911A IF

module.



Fig. 4 shows the major functional blocks that make up the
HP 70911A. The variable gain and bandwidth block includes
a bandpass filter with bandwidth that varies from 10 to
100 MHz with DAC control. The filter is a five-pole synchro-
nously tuned design. The gain consists of seven stages of
step gains interspersed with the poles of the filter.

The calibration attenuator and linear detector block includes
a precision attenuator with 15-dB range and an envelope
detector with 100-MHz bandwidth. The detector is followed
by video gain and level control.

Several optional functions can be added for expanded re-
ceiver capability. These plug into an option card cage and
are controlled over a common internal bus.

FM Discriminator. This block includes a delay line discrimina-
tor with excellent linearity and a maximum bandwidth of

40 MHz. Two sensitivity positions, 10 MHz/V and 40 MHz/V,
can be selected.

70-MHz Down-Converter. This block consists of a down-conver-
sion path and a fractional-N synthesized local oscillator. The
tuning range of the LO provides, with a change of output
filter, 140-MHz and 160-MHz IF outputs.

Channel Filters. The standard IF bandwidths are of the syn-
chronously tuned class and provide very good response for
pulses but lack the shape factor desired for communication
signals. The channel filters provide a selection of five six-
pole Chebyshev filters centered at 70 MHz for use as prefil-
ters for the communication demodulators.

I-Q Down-Converter. This block provides I and Q baseband
outputs with a 50-MHz bandwidth for each output. The local
oscillator for the down-conversion is synthesized and the
design is the same as that used for the 70-MHz output.

A more detailed discussion of the design and implementa-
tion of the HP 70911A is given on page 89.

Receiver Bandwidth Improvements

The increase in bandwidth for the HP 71910A is dependent
on the frequency band selected. The receiver bandwidth,
which depends on the bandwidth of both the RF and the IF
modules, ranges from 36 MHz to 100 MHz. The RF band-
width of the low-band path is set to 48 MHz minimum by
the bandpass filter in the 3.6-GHz second IF. In the prese-
lected microwave path, the bandwidth of the RF module
ranges from 36 MHz to 60 MHz over the
2.7-GHz-t0-26.5-GHz frequency range. However, when the
preselector is bypassed the bandwidth of the microwave
path approaches 200 MHz. Finally, when using external mix-
ers for frequencies above 26.5 GHz, the bandwidth of the RF
path will be set by the mixers, but is at least 200 MHz. The
resulting receiver bandwidth for each path is summarized in
Table I.

Table |
HP 71910A Receiver Bandwidths

HP 70910A IF Output (MHz)

Signal Path 321 140 70
Low-Band 48 48 40
Preselected 36 to 60 36 to 60 36 to 40
Unpreselected 100 70 40

Receiver Operation

To simplify the HP 71910A’s operation as a microwave re-
ceiver, a personality downloadable program was created.
This program, which is loaded into the HP 70900B LO mod-
ule, presents the user with the display shown in Fig 5. This
screen provides information to assist the user in establishing
the correct gain through the receiver when other processors,
instruments, or demodulators are connected at the outputs.
The RF/IF Gain annotation shows the total gain from the RF
input to the 70-MHz IF output. It accounts for fixed or vari-
able gain and attenuation in both the RF and the IF modules.

In addition to calculating and displaying gain through the
receiver, the receiver personality extends the gain resolution
available to the user. In normal spectrum analyzer operation,
the IF gain resolution is 10 dB. However, for the HP 70911A
IF module, the personality combines the 10-dB resolution of
the step gains with the 1-dB resolution of the internal cali-
bration attenuator to provide 1-dB gain setting resolution
over a 70-dB range.

The receiver personality also provides control of the op-
tional receiver functions such as FM, I-Q, and channel filter-
ing. This partitioning from the basic firmware control of the
HP 70911A was made to allow for adding options in the
future without the need for a firmware revision.

In addition to providing an interface for manual control, the

receiver personality card also provides a programming inter-
face for automatic operation. After the receiver personality is
loaded and initialized, control extensions appear as addi-
tional programming commands not present in the basic firm-
ware.

Microwave Vector Signal Analysis

As mentioned earlier, vector signal analyzers have baseband
processing capabilities which when used with RF or micro-
wave down-converters permit a more complete characteriza-
tion of wide-bandwidth signals.

The I-Q down-conversion option of the HP 71910A was
designed specifically for use with other HP digitizers and
oscilloscopes. This option can also be used with a dual-
channel vector signal analyzer such as the HP 89410A to

[T (@) Receiver Hade USER

Freq Freq: 5.019375 OHz A

1F BW: 1B@ MHz

B RF/IF Cain: 18 dB FuLSE
IF Gain: 20 dB
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Fig. 5. The user interface screen provided by the HP 71910A
receiver personality. The shaded area above is the time-domain
display of an FM signal.
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extend both the measurement bandwidth and the frequency
range of vector signal analysis. This configuration is shown
in Fig 6. A special processing mode and careful attention to
calibration are required for this configuration. The HP 89410A
and vector signal analysis are briefly described on page 87.

Applications

Although much of the early definition work on the HP
71910A focused on radar applications, the attention in later
phases of the design shifted to microwave communications.
For example, in satellite communications, which requires
extensive prelaunch testing, postlaunch qualification, and
periodic quality monitoring of live traffic after commission-
ing, the HP 71910A has much to offer.

The large investment necessary to launch a modern commu-
nications satellite makes it imperative to test the satellite and
the satellite payloads thoroughly during development and
manufacturing and just before launching (called high-bay
testing). The number of tests required to fully characterize
performance combined with aggressive launch schedules
make testing throughput a major consideration.

One of the most time-intensive measurements is spurious
testing. This is because of the complexity of satellites and
the nature of the measurements taken using the typical spec-
trum analyzer approach. Sweeping a spectrum analyzer over
the full transponder band with the narrow resolution band-
width necessary for spurious testing leads to very slow
sweep times and therefore very long measurement times.

Fortunately, vector signal analyzers such as the HP 89410A
have much faster sweep times for the resolution bandwidths
of 1 kHz or less, which are used for spurious (spur) test-
ing. By connecting the I-Q outputs of the HP 71910A to the
two input channels of the HP 89410A as shown in Fig. 0, it
is possible to perform rapid spur search over a 20-MHz span.
Repeating this process by step tuning the HP 71910A over all
the satellite bands provides nearly a x10 improvement in
spur search speed over sweeping the spectrum analyzer
with the same bandwidth over the same frequency range.

Once a satellite is commissioned and carrying live traffic, it is
important to maintain the quality of the signals since failure
to do so can lead to reduced revenues. One important
measurement is the total power of the down link. The total

Firmware Design for Wide-Bandwidth IF Support and Improved Measurement Speed

The addition of a wideband linear IF module to a Modular Measurement System
(MMS) spectrum analyzer presented two main challenges to the firmware: provid-
ing sufficient operational speed and adding new features and operations. The
concern over operational speed was heightened by the fact that many of the appli-
cations targeted by this product required speed similar to that obtained by instru-
ments that did not have to account for either software calibration or modularity.

Operational Speed

The challenges associated with operational speed involved finding a way to apply
calibration in near real time and efficient handling of incoming data and temporary
variables.

Calibrated Operation.  To obtain calibrated data from an MMS spectrum
analyzer, every trace data point obtained from the ADC must be corrected using
the appropriate calibration data. This needs to be done as close to real time as
possible or the lag between the incoming raw data and the completion of the
correction processing will quickly become the dominant factor in the retrace dead
time.

The particular calibration data that must be applied and the algorithms that must
be used to apply it are dependent upon the currently active signal path of the
instrument. This can change as the user selects different IF bandwidths, different
ADCs, and so on. This situation is complicated further by the desire to be able to
do trace math (such as calculating the difference of the active trace and a baseline
trace) as the data is received. Finally, the trace data needs to be sent to the re-
mote display (if one is active) as the processing is completed. All of these com-
plications exist even without a linear IF module.

If a conventional program is used to apply the per-point calibration, the time to
perform the necessary number of conditional tests would overwhelm the actual
calculation times. An alternative approach has been used since the beginning by
the MMS spectrum analyzers. Instead of performing the conditional tests for each
data point, an efficient state machine constructs a program to perform the neces-
sary calculations for the current instrument state. This is done by properly combin-
ing machine code program fragments. The construction of this program (known as
the RAM program) is properly synchronized with the appropriate state changes
and trace operations.

During the execution of the RAM program, calibration and interpolation table
addresses and calibration constants are stored in the CPU registers whenever
possible. A preloaded register set is prepared at the same time that the RAM
program is constructed. If the RAM program catches up with the incoming data
stream, the process running the RAM program can swap out to allow other opera-
tions to occur. By keeping all the necessary data in the CPU registers, this swap-
ping occurs quickly.

To account for a linear IF module, various additions to the RAM program were
required. Previously, all IF modules supported by the system were log IF modules.
Since all data calibration occurs after the signal has traversed the IF section, it
made sense to keep almost all of the correction factors in dB. This has the addi-
tional advantage of allowing simple addition and subtraction to be used to apply
the calibration data. Further simplification is achieved by storing the correction
factors as 16-hit, fixed-point values. A scaling factor of 100 is used. For example,
a value of 10.34 dB would be stored as 1034.

With the addition of a linear IF module, the assumption of logged incoming data
was no longer valid. The main alternatives were either to rework the RAM pro-
gram to be able to handle linear data (including the need to do multiplication and
division instead of simply addition and subtraction) or to translate the incoming
linear data to log data (preinterpolation). The latter approach is much quicker at
performing the calculations, but it also has the potential for a loss of accuracy.
However, with the ADCs currently supported by the MMS spectrum analyzer, both
the accuracy and the range are limited by the ADC, not by an initial interpolation.
Thus, the preinterpolation approach was taken.

Later experimentation showed that, with the reference level set properly, a 38.5-dB
range could be achieved with the required accuracy. This was sufficient for the
intended use of the product. When a display of linear voltage or power is desired,
a table lookup and postinterpolation is performed toward the end of the RAM
program.

Hardware Caches. At fast (short) sweep times, even the RAM program,
running on a 20-MHz MC68020, is not fast enough to keep up with the incoming
data stream. At this point, the data is buffered for the RAM program to process
when it can. At the fastest sweep times, the data acquisition loop is actually
locked in
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power may come from one wideband carrier or it may be
the sum of hundreds of narrowband carriers. In either case,
the instantaneous power over the full transponder band-
width is desired. Using swept spectrum analyzer techniques
for this measurement can limit speed and degrade accuracy.
However, when the channel filters option of the HP 71910A
is used with the HP 70100A power meter module, a single
accurate power measurement of the full transponder band-
width, or individual measurements of carriers with specified
standard bandwidths, can be performed (see Fig. 7).

Terrestrial microwave communications is an application that
involves wide-bandwidth signals with complex modulation
schemes. For monitoring microwave link performance, the
HP 71910A offers an optional 70-MHz IF output for connec-
tion to products that can demodulate these complex modula-
tions. This feature might be used for assessing the BER (bit
error rate) performance of the communications link. The
BER performance of the HP 71910A was characterized dur-
ing development. The results of those measurements are
shown in Fig 8.

— 20MHz —]

HP 71910A Wide-
Bandwidth Receiver

IO —de,

HP 89410A Vector
Signal Analyzer

Fig. 6. The HP 71910A configured with the HP 89410A vector
signal analyzer.

Other aspects of link performance are often assessed using a
constellation display. The I-Q output option of the HP
71910A can be used to display the signal constellation on an
oscilloscope (see Fig. 9).

Although swept spectrum analyzers have been used for char-
acterization of radar signals for many years, the trend toward
narrow pulses and intrapulse modulations have limited their
usefulness primarily to spectrum displays. By connecting the
HP 71910A outputs to high-speed oscilloscopes it is possible
to extract much more information about the radar.

the MC68020 instruction cache to minimize memory accesses for this time-critical
operation.

Software Caches. In addition to the hardware cache built into the MC68020,
the MMS spectrum analyzer firmware makes use of software caches as appropri-
ate. Because of the modular nature of the instrument, a change of state can im-
pose a heavy calculation burden. This burden must be borne by an affordable
CPU.

Detailed timing and analysis of the operation of the instrument revealed several
intensive calculations that could be identified by a minimal number of internal state
variables. These variables are used as tags for software caches. This approach
saves 60 ms or more for some common state change operations. Use of these
caches was integrated with the RAM program so that a register could access the
cache data directly, avoiding costly data copying.

Further performance improvements were realized by recognizing situations in
which a calculation might need to be redone because of further user inputs before
a data acquisition is performed. In such cases, if it is possible, calculation is
delayed.

Additional Adaptations for a Wideband Linear IF

Adding more features and operations to the MMS spectrum analyzer involved
advertising the capabilities of the IF module to the analyzer and preselector center-
ing.

Configuration Support.  In addition to the changes to the RAM program, the
main signal routing algorithms had to be enhanced to account for the linear IF
module. Inthe MMS spectrum analyzer, all modules advertise their capabilities to
the control module via an ASCII capability string. This machine readable string is
effectively a logical block diagram of the module, including all inputs, outputs, and
switching capabilities. Some of the elements of this model are named so that the
control module can properly manipulate the hardware via a standardized command
language.

The addition of support for a linear IF module required minimal additions to the
capability string language. Most of the components of the module had already
been modeled. Support for an additional value to an existing option flag was the
only thing required.

Preselector Centering.  The wideband IF module presented an additional
difficulty with preselected systems. With a narrowband IF, the tuning of the prese-
lector is done via peaking. In peaking a test signal is injected into the system and
the preselector hardware is tuned to provide a maximum response. This ap-
proach does not work for a wideband IF module, since the peak of the passhand
may not be near the center. Hence, using preselector peaking with a wideband IF
module could easily result in a substantially reduced available signal bandwidth.

The proper approach for adjusting a preselector to work with a wideband IF mod-
ule is to center the filter based upon a user-configurable signal delta value (typi-
cally 6 dB). Centering occurs in three main stages. First, a coarse search
sketches the shape of the curve and identifies where to search for the peak value.
Next, a fine search identifies the actual peak. Both of these steps are similar to
what occurs for preselector peaking, except that coarse values are saved. The
final step involves fine searches in the areas of the curve that correspond to the
user-specified delta from the peak value. In all searches, an appropriate amount of
overlap is used since the curve might not be locally monotonic.

The initial implementation worked correctly, but test users sometimes complained
that the preselector still wasn't being centered correctly. The typical situation was
that a user had a band-limited signal path that had not been previously connected
to a narrowband spectrum analyzer. Thus, the user was not aware that the signal
path was the problem.

The solution to this situation is to display the centering graphically as it occurs. All
of the coarse and fine points are plotted so that the user can see what is happen-
ing. In addition, the user can examine and change the selected centering setting.

Conclusion

By using the techniques described above, we were able to add support for a
wideband linear IF module into the MMS spectrum analyzer family and achieve
speed that matches or even exceeds that of instruments with less functionality and
configurability.

Thomas A. Rice
Development Engineer
Microwave Instruments Division
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the HP 71910A. scope, captured using the I-Q option of the HP 71910A.
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The HP 89400 Series Vector Signal Analyzers

The HP 89400 Series vector signal analyzers are designed specifically for today's
complex signals. They provide insight into a signal’s time-domain, frequency-
domain, and modulation-domain characteristics. The HP 89440A and HP 89441A
analyzers are limited in frequency coverage to 1.8 GHz and 2.65 GHz respectively.
Both are limited to a 7-MHz information bandwidth, where the information band-
width is the widest-bandwidth signal that can be analyzed without any loss of
information. The HP 71910A microwave spectrum analyzer and HP 89410A vector
signal analyzer can be used together to obtain frequency coverage to microwave
frequencies and information bandwidths to 20 MHz.

By itself, the HP 89410A is considered to be a two-channel baseband analyzer.
Each input channel incorporates an anti-alias filter, an ADC operating at a
25.6-MHz sample rate, and dedicated hardware to perform digital signal process-
ing. Normally, these channels are used independently. However, when used with a
quadrature down-converter, such as the HP 70911A Option 004, the in-phase (1)
and quadrature-phase (Q) signals from the down-converter are each connected to
an input channel on the vector signal analyzer where they are digitized and then
recombined into a single complex signal of the form I+jQ. Fig. 1 shows an example
of the measurements obtained when the HP 89410A and HP 70911A are used
together. Although the | and Q signals are each limited to 10-MHz bandwidth by
the analyzer’s anti-alias filters, the combined complex signal has a bandwidth of
20 MHz.

Complex Signals

In any system where the | and Q signals are analog, the accuracy of the system
and its dynamic range will be limited by the orthogonality of the signals and by the
match between the | and Q signal paths. Calibration routines can be used to mea-
sure and improve system performance (see Fig. 2). The system errors observed
during calibration are reduced using both hardware adjustments (performed elec-
tronically) and digital signal processing techniques. Table | lists the system errors
and the action taken to reduce the effects of the errors.

A program has been developed that performs the system calibration and provides
some level of instrument control. This program is compatible with the HP 89410A's
HP Instrument BASIC Option IC2, eliminating the need for an external controller.
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Fig. 2. The upper trace shows the spectrum computed using the I-Q signals without cali-
bration. The lower trace is the same spectrum after calibration. Only the largest component
should be present. After calibration the spectral line (center) caused by residual dc on | and
Q is substantially reduced. The large spectral component has an image to the right of the
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dBr center. This image, which has also been reduced in amplitude, is caused by channel
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Fig. 1. The upper trace shows the spectrum of a QPSK signal operating at 10 MBits/s. The
lower trace is the eye diagram obtained using the HP 89410As optional digital demodulator.
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Fig. 10. Connecting the outputs of the HP 71910A to an HP 70703A high-speed oscilloscope enables the capture and display of much
information from a radar signal. (a) A narrow 20-ns pulse. (b) An FM chirp.

Fig. 10a shows a narrow pulse produced by using the video
output of the HP 70910A, and Fig. 10b shows an intrapulse

chirp produced by using the FM output of the microwave

receiver.
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